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food	 self-sufficiency.	A	primary	measure	 for	 this	
goal	 is	to	raise	the	feed	self-sufficiency	rate	from	26 




	 Molecular	 breeding	 techniques	 including	
quantitative	 trait	 locus	 (QTL)	 analysis  22 ) and 
association	mapping 25)	have	widely	been	applied	to	
maize	because	 of	 its	 simple	 genome	 construction	
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substantially	 impossible	 for	maize	 breeders	 in	
Japanese	public	 sectors	 to	 introduce	some	of	 such	
techniques	 because	 they	 have	 not	 had	 so	much	
information	 on	molecular	marker	polymorphisms	






SNPs	over	 their	materials	and	 to	 introduce	 some	
molecular	breeding	techniques.
	 The	 purpose	 of	 this	 study	was	 to	 discover	
SNPs	 over	 the	whole	 genome	 of	 parental	 inbred	
lines	(hereafter	they	are	simply	called	inbred	lines)	
developed	 in	 Japanese	 public	 sectors	 to	 conduct	
‘genomewide	selection	 (GwS)’	 in	the	 future.	GwS	is	
a	molecular	breeding	 technique	whose	details	are	
explained	with	 its	concept	 in	Bernardo	et al. 1) and 
Meuwissen	et al. 12).	GwS	 is	 thought	advantageous	
for	maize	 breeders	 in	 Japanese	 public	 sectors	
interested	 in	 accelerating	 yield	 improvement,	
because	its	focus	is	on	accumulating	favorable	genes	
in	many	minor	QTLs	whereby	 yield	 is	 thought	
controlled 24),	and	because	 it	 can	be	started	 from	a	
biparental	population,	 i.e.	with	molecular	marker	
information	 on	 a	 small	 number	 of	 inbred	 lines.	
In	 the	previous	 study	by	 the	authors 20),	 computer	
simulations	have	been	made	on	the	assumption	that	




a	biparental	crossing	between	dent	 inbred	 lines	D1 
and	D2.	The	simulations	have	shown	that	GwS	can	
be	a	powerful	 tool	 to	accelerate	yield	 improvement	
if	the	following	two	conditions	are	fulfilled;	i.e.	 (1) if 
molecular	markers	can	be	arranged	over	the	whole	









32	 inbred	 lines	whose	SNPs	were	explored	 in	 this	
























	 A	 part	 of	 a	 fresh	 leaf	 (about	 1g)	 of	 each	




Japan),	 for	 6 	 t imes	 (each	 time	 consists	 of	 an	
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purified	with	the	procedures	consisting	of	extraction	
with	Tris-buffered	50%	phenol,	48%	chloroform,	2% 
isoamyl	 alcohol	 solution	 (in	 the	 second	 time	and	








	 The 	 SNP	 ana lys i s 	 was 	 made 	 w ith 	 the	
combination	of	products	manufactured	by	Illumina	
Inc.	 (San	Diego,	CA,	U.S.),	 ‘MaizeSNP50	BeadChip’	
and	an	analyzing	 system	 including	 the	 software	
‘GenomeStudio’,	which	genotypes	up	 to	56110	SNP	
loci	 of	maize	 over	 its	whole	 genome	at	 once.	The	








to	adjust	 the	setting	 for	 judging	genotypes	on	each	
SNP	locus	manually,	 the	authors	 fully	 followed	the	










adopted	 for	 the	drawing	were	mostly	equivalent	 to	
Enoki	et al. 8)	where	 the	genetic	 similarity	 (GS)	of	
maize	 inbred	 lines	developed	 in	 Japanese	public	
sectors	had	been	investigated	with	simple	sequence	











Highly distinguishable SNP loci within a genetic 
group
	 SNP	 loci	were	 examined	 on	 the	 ability	 to	










on that D exceeds it if N	is	between	5	(in	RD)	and	14 
(in	JF),	if	all	inbred	lines	are	successfully	genotyped	
as	“AA”	or	“BB”,	and	if	the	ratio	of	a to b	 is	between	







	 I n 	 e x am i n i n g 	 t h e 	 i n t r a - i n b r e d - l i n e	
polymorphisms, 	 an	 SNP	 locus	 was	 regarded	
polymorphic	 in	 the	relevant	 inbred	 line	 if	at	 least	





	 A fter	 identi f ication	 of	 intra-inbred-l ine	
CN2 CN2
abD       G(L,    ) =         ... (1)         
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polymorphic	 loci,	 their	ratio	was	computed	 in	each	
genome	 region.	A	 genome	 region	was	 defined	 to	




chromosome.	See	Results	 and	Discussion	 for	 the	
detailed	definition	of	‘polymorphic	and	reliable	loci’.
Results and Discussion
The SNP information was thought reliable
	 Two	 indices	are	 often	used	 to	 evaluate	 the	
results	 of	 SNP	 genotyping	with	 the	 products	 of	
Illumina;	 one	 is	 ‘Call	Rate’,	 the	 ratio	 of	SNP	 loci	
successfully	 genotyped	 for	 each	 sample,	 and	 the	
other	is	‘GenTrain	Score’	to	evaluate	the	confidence	






	 GenTrain	 Scores	 of 	 the	 56110 	 SNP	 loci	
ranged	 in	 this	 study	 from	 zero	 to	 0 .993 . 	 The	
scores of 12231	 loci	were	below	0.7,	which	authors	
screened	out,	 considering	 that	 studies	 in	 the	past	
including	Han	et al. 9)	and	Namjou	et al. 14)	on	human	
(Homo sapiens L.)	 as	well	 as	Pasam	 et al.  16) on 
barley	(Hordeum vulgare	L.)	adopt	this	value	as	the	
threshold.	In	addition,	another	4561	loci	were	excluded	




were	 inbred	 lines	and	because	almost	all	 of	 their	
neighboring	 loci	 seemed	 f ixed),	 or	 because	 no	
polymorphisms	could	be	detected	among	the	32	inbred	
Developed	in	† No. Name Group‡ CR§ Developed	in	† No. Name Group‡ CR§
(U.S.) 11 B73 - .986 NARO-ILGS 21 Na50 JF .950
NARO/HARC 12 Ho95 JF .954 22 Na65 MD .961
13 Ho102 MD .957 23 Na71 MD .957
14 Ho104 MD .959 24 Na91 MD .934
15 Ho110 MD .955 25 Na96 JF .942
NAIES 16 Ki66 MD .962 26 Na99 MD .942
17 Ki68 JF .944 27 Na101 JF .947
18 Ki70 MD .962 28 Na102 MD .963
19 Ki74 MD .960 29 Na103 JF .945
10 Ki75 JF .948 30 Na104 JF .948
NARO/KARC 11 Mi29 MD .956 31 N09-07 JF .932
12 Mi47 JF .949 32 N10-03 JF .945
13 Mi62 RD .952 NARO/KARC 33 Mi29¶ MD .945
14 Mi71 RD .957 34 Mi62¶ RD .940
15 Mi88 MD .949 35 Mi88¶ MD .956
16 Mi91 RD .945 NARO-ILGS 36 Na50¶ JF .931
17 Mi93 RD .947 37 Na71¶ MD .949
18 Mi103 JF .930 38 Na101¶ JF .943
19 Mi106 RD .960








Table 1.　The parental inbred lines whose single nucleotide polymorphisms (SNPs) were examined in this study and their ‘Call Rate’
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lines.	Therefore	further	analyses	were	made	with	the	
remaining	39318	 loci	 that	were	 judged	polymorphic	
and	reliable.	On	 the	SNP	 list	 of	 Illumina	are	 the	
chromosomes	of	35508	 loci	out	of	the	39318,	and	the	
coordinates of 35424	 loci	out	of	the	35508.	Based	on	





including	 that	 the	 genetic	 distances	 among	 the	
three	genetic	groups,	MD,	RD	and	JF,	are	roughly	
equivalent 13),	 that	 ‘Ho102 ’	has	been	developed	 from	









public	 line	 ‘B73’	 is	very	distantly	 located	 from	MD	
group,	 to	which	 it	was	 assumed	 to	 belong.	This	
















Fig. 1.  The dendrogram of the 32 inbred lines drawn based on 
the genetic distance (GD) having been calculated from 
the single nucleotide polymorphisms (SNPs) detected 
in this study





as	 large	as	 the	second	 largest	 ‘Ho95’	 (158) and the 
average	of	another	31	materials	(39.4),	respectively.
Sufficient SNPs over the whole genome
	 As	mentioned	above,	 the	previous	simulation	
study	by	the	authors 20)	has	shown	that	an	important	
key	 to	 the	success	of	GwS	 is	 to	arrange	molecular	
markers	at	intervals	of	20	cM	or	shorter.	Considering	
the	whole	genome	size	 is	about	1800 cM 1),	 it	means	
that	more	 than	90	molecular	markers	 should	 be	
arranged	over	 the	genome.	Therefore	 the	primary	
purpose	of	this	study	was	to	discover	many	“highly	
distinguishable	 SNP	 loci”	 i.e.	 SNPs	which	 can	
efficiently	distinguish	 inbred	lines	within	a	genetic	
group.	 It	has	been	 found	that	 the	numbers	of	such	
SNP	 loci	are	7787	 (in	JF)	or	more,	and	 that	 those	
per cM are 1.94	 or	more	 (Table	3.	The	 information	








	 The	 datasheet	 in	 the	website	 of	 Illumina	
suggests	 that	 little	 attention	 has	 been	 paid	 to	
















of	 ‘B73’	and	 ‘Mo17’	 (another	standard	inbred	line	in	
U.S.)	 indicated	on	 the	datasheet	 in	 the	website	of	
Illumina,	0.32 and 2.50%,	respectively.
	 The	 ratio	 of	 polymorphic	 loci	 between	 two	
individuals	 belonging	 to	 the	 same	 inbred	 line	
ranged	 from	0.09	 (Na71) to 4.28% (Mi62)	 (Table	4).	






1 2 3 4 5 6 7 8 9 10
Total†
286 183 211 189 173 145 158 160 164 136
MD§ Numbers¶ 1584 494 1324 1137 1478 881 1023 1281 780 804 11804
Numbers¶	per	cM 5.54 2.70 6.27 6.02 8.54 6.08 6.47 8.01 4.76 5.91
RD§ Numbers¶ 1227 449 1143 1177 1168 901 707 962 515 795 9859
Numbers¶	per	cM 4.29 2.45 5.42 6.23 6.75 6.21 4.47 6.01 3.14 5.85
JF§ Numbers¶ 1080 355 1187 1081 693 557 459 654 542 452 7787








Table 3.　Numbers of ‘highly distinguishable SNP loci’ within each genetic group and those per cM in each chromosome
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through	repeated	selfing	 for	 five	or	 six	 times 19,21).	
The	results	shown	in	this	study	suggest	 that	some	
genome	regions	have	remained	unfixed	during	the	




simulation	study	by	 the	authors 20)	 that	 the	 intra-
inbred-line	 polymorphisms	 can	 be	negligible.	 In	
addition,	the	supposition	of	unfixed	genome	regions	
in	 inbred	 lines	will	make	 the	 choice	 of	molecular	
markers	 for	GwS	more	 complicated.	 In	 the	 case	





































Table 4.　Heterozygosity rate and ratio of intra-inbred-line polymorphic loci of the 
six inbred lines
Fig. 2.　The ratio of intra-inbred-line polymorphic loci in each genome region (see the text for the deﬁnitions) of the six inbred lines
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つある。前報で著者らはコンピューター ･ シミュレーションを用い，分子マーカーをゲノム全体に渡って 20 センチ
モルガン（cM）以下の間隔で配置できれば，トウモロコシの収量性の改良を加速させる上で GwS が有効であるこ
とを示した。本研究の目的は，将来における GwS の実施を視野に，日本の公的機関で育成されたトウモロコシ自殖
親系統群内における SNP の発見であった。この目的を達するため，32 自殖親系統（うち 31 が日本の公的育種機関
の育成）38 個体について，最大 56110SNP 遺伝子座のジェノタイピングを試みたところ，以下の結果を得た。（1）
将来の GwS 実施に充分な数の SNP が発見された。（2）得られた結果を基に描かれた系統樹が過去の育種記録や既
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